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MECHANISMS OF CHROMATE DETOXIFICATION
IN YEASTS

The main pathway of Cr(VI) (hexavalent chromium) detoxification in microor-
ganisms involves its reduction to Cr(IIl). Characteristics of chromate reduction in
yeasts (isolation, purification and characterization of Cr(I1l)-biochelated complexes
from the culture medium) and the non-enzymatic processes responsible for efficient
detoxification of chromate are described. The yeast Saccharomyces cerevisiae was
shown to be able to reduce chromate extra-cellularly by the formation of at least
two types of stable Cr(lll)-biochelated complexes. Selenite-resistant mutants of
Phaffia rhodozyma were studied with respect to their ability to reduce Cr(VI).
The cells of selenite-resistant mutant sitll which show strong sensitivity toward
Cr(VI), generated an increasing pool of a very toxic radical Cr(V). The role of
some extracellular agents such as sulfate and riboflavin in Cr(VI) detoxification
in the flavin-overproducing yeast Pichia guilliermondii was also investigated. Our
data on modulation of chromate toxicity by riboflavin provide some evidence for
the involvement of riboflavin (or its derivatives) in chromate detoxification. The
identification of the extracellular chromate-reducing compounds and elucidation of
their role in detoxification of chromate will promote the application of the studied
yeast cells for Cr(VI) bioremediation and its transformation to Cr(IlI) bio-complexes
with potential pharmaceutical and nutritional importance.
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Chromium in trace amounts is beneficial to humans, animals, plants and mi-
croorganisms; it is an element essential for glucose and fat metabolism, stabiliza-
tion of the tertiary structure of proteins and nucleic acids [3, 15]. However, at high
concentrations it is extremely toxic, mutagenic and carcinogenic, especially in its
oxidized hexavalent form Cr(VI). The adverse health effects and diverse cellular and
molecular reactions make the research on chromium toxicology and metabolism to be
very crucial in terms of both environmental protection and clinical medicine. Parallel
studies have been performed at molecular and cellular levels using yeasts, mammalian
cells and transgenic mice. However the detailed mechanisms of the cell-chromium
interactions are yet to be revealed.
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Yeasts which proved to be effective in accumulation of chromium ions and were
able to bioconvert them into stable, much less toxic and bioavailable forms, might be
applied in the management of chromium-containing wastes, as well as in efforts to
produce chromium-enriched biomass, containing biostabilized and nontoxic Cr species
for balanced nutrition of mammals and humans [5]. The dual role of chromium in the
cell metabolism implies the presence of effective mechanisms for controlling its entry
into the cells, accumulation and detoxification. Yeast tolerance to Cr(VI) as well as
chromium accumulation inside yeast cells were shown to be dependent on treatment
time, metal concentration, biomass density and phase of growth [8, 9, 15].

The main pathway of Cr(VI) detoxification in microorganisms, and particularly in
bacteria, involves its reduction to Cr(Ill) [5, 15]. In yeast, the role of chromate reduc-
tion to mitigate the toxicity of Cr(VI) is still open for discussion. It was suggested
that the principal reason of the yeast resistance to chromium was a low ability to its
absorption [4, 15]. However, for the chromate-resistant strains of Candida maltosa
a NAD-dependent chromate reducing activity was observed [14]. Recently we have
found that some reducing substances, secreted extracellularly by yeast played a
significant role in Cr(VI)-detoxification [10, 11]. As a product of chromate reduction,
trivalent Cr(Ill) formed complexes with some specific components of culture liquid
which were not adsorbed by the cells. Besides, chromate-resistant mutants of this
yeast that exhibited the increased chromate-reducing ability have been selected [2].
At the same time, the rate of chromate reduction did not correlate with chromium
accumulation in the cells.

In this article, we present data on chromate reduction in several yeast species
including isolation, purification and characterization of Cr(Ill)-biochelated complexes
from the culture liquid. We also describe non-enzymatic processes responsible for
efficient detoxification of chromate.

Materials and methods

In this work we have used the following yeast strains: 1) Pichia guilliermondii
ATCC 201911 (L2) (MAT-hisX-17) (MAT is a mating type locus, his — a locus defining
histidine biosynthesis); 2) an industrial strain “Effect” of the yeast Saccharomyces
cerevisiae; 3) Phaffia rhodozyma NRRL Y-10921 as well as its selenite-resistant
mutants selected by our team.

The yeast cells were cultivated at 30 °C (for P. rhodozyma — at 22 °C) in Er-
lenmeyer flasks on a circular shaker (200 rpm) in Burkholder’s medium with the
addition of 0.1% yeast extract (a semi-rich medium) or 0.2% yeast extract +0.2%
peptone (a rich medium). Cr(VI) was added to the medium as potassium chromate.
Liquid media were inoculated with the cells from the early stationary growth phase
in concentration of 5 mg d.w.cells/l. Yeast biomass was determined turbidimetrically
at 600 nm (OD,,,) using gravimetrical calibration. The determination of total chro-
mium content in the cells was performed using either atomic absorption spectrometer
AAS-3 (Carl Zeiss, Germany). Cells for analyses were prepared using acid-hydrogen
peroxide mineralization as described earlier [7]. The assay of residual Cr(VI) concen-
tration in media was carried out using diphenylcarbazide method [12]. The content
of the trivalent chromium was determined by the reaction with Chromazurol S [7].
The presented quantitative data are average values resulting from 2—3 independent
experiments. All analytical measurements were performed in 3 duplicates.
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Results and discussion

The cells of baker’s yeast were shown to be capable of reducing chromate extra-
cellularly and to form at least two types of stable Cr(Ill)-biochelated complexes. Such
Cr(IlT)-complexes, isolated from a cultural liquid of S. cerevisiae industrial strain "Ef-
fect” grown for 3 days in the presence of I mM chromate, were characterized with
respect to their molecular weight. Cr(Ill)—containing compounds were concentrated
by freezing-thawing processes and supplied on a column with a molecular sieve
Toyopearl HW-40 (80 x 1.4 cm) calibrated by a set of low molecular markers. Two
Cr(IlI)-complexes were isolated differed in molecular weights (M = 440=+40 and M
= 380==30 Da). For preparative isolation of Cr(Ill)-biochelates we used ion-exchange
chromatography for fractionation of the concentrated extra-cellular liquid from
chromate-supplemented culture of S. cerevisiae. It was shown that Cr(IlI)-biochelates
could be separated into at least two components on anion-exchanging resin Dowex
1x10 (14 x 2 cm). Both Cr(Ill)-complexes have a total negative charge. Absorption
peaks were observed for Cr(Ill)-complex I at 572—574 nm and for Cr(Ill)-complex
II — at 579—581 nm (Fig. 1).
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Fig.1. Absorbance spectra of Cr(Ill)-biocomplexes isolated from a cultural liquid
of S. cerevisiae

The selenite-resistant mutants of carotene-synthesizing yeast P. rhodozyma, iso-
lated by us previously [13] have been studied regarding their ability to reduce Cr(VI)
and to produce astaxantin. The obtained results suggest that although the pathways
of detoxification of chromate and selenite by P. rhodozyma were different, one com-
mon reductive type involved in transformation of these compounds was observed.
The EPR spectrometry was employed to follow the reduction of chromate applied to
cell cultures. It was shown for the case of the selenite-resistant mutant si¢7/ which
simultaneously revealed sensitivity to chromate, that this phenotype was accompanied
with the increasing pool of the very toxic intermediate, free radical Cr(V) (g=1.98)
generated in extra-cellular medium of the culture (Fig. 2). In contrast to the wild-type
strain characterized by a relatively constant Cr(V) pool as observed in medium during
incubation with chromate, the chromate-sensitive mutant sit// (Fig. 2B) generated
gradually increasing pool of Cr(V) species.
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Fig. 2. EPR-spectra of Cr(V) (g=1.98) in cultural liquid of P. rhodozyma
incubated with 1 mM chromate (10 min, 1 and 2 hours)
A — parental (“wild type”) strain as a control; B — mutant si#11. The EPR measurements
were performed on the X-band spectrometer RADIOPAN using liquid nitrogen cooling
system.

The role of some extracellular agents such as sulfate, iron (II), riboflavin, cysteine
in Cr(VI) detoxification in flavin-overproducing yeast P. guilliermondii was inves-
tigated. The presence of sulfate, a typical media constituent, had a strong negative
effect on Cr-bioaccumulation. Under conditions of sulfate deprivation, the cellular
chromium content was approximately 20 times higher as compared to the cells grown
in sulfur-sufficient media. The flavinogenic yeast P. guilliermondii responded to
Cr(VI) by stimulation of riboflavin (RF) biosynthesis [6]. We hypothesized that the
extensive flavinogenesis was a response to Cr(VI) treatment and that it served as a
mechanism leading to higher yeast survival under chromate-induced stress. Neverthe-
less the sensitivity of the studied yeast strains to Cr(VI) did not correlate with the
level of [lavinogenic activity (data not shown). However when Cr(VI) was added to
the cultures that actively synthesized RF the growth inhibition was suppressed. In
order to determine the possible role of exogenous RF in diminishing the inhibitory
effect of Cr(Ill) and Cr(VI) on the culture cell growth, P. guilliermondii flavinogenic
strains UKD-66 and UKD 1453, unable to oversynthesize of RF in the media supple-
mented with chromate, were used. The yeast growth in the presence of 200 wg/ml
RF was investigated and the cellular content of Cr and flavins was monitored. The

incubation of biomass (2 OD6OO/m1) with chromium and RF was performed during
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18 h. In all the cases, the sensitivity of the cells to chromium depended strongly
upon presence of exogenous RF. The treatment of the cells with Cr(VI) (0.6 mM) in
medium supplemented with RF resulted in an increase of biomass and flavin content
(Table), although the addition of RF did not cause any significant changes of cellular
Cr content.

[t was shown earlier [1] that RF could decrease the nephrotoxic effect of chromate
in young and adult rats. Our data on RF protection of P. guilliermondii cells against
chromium toxicity, for the first time it was provided the evidence on RF involvement
in chromium detoxification.

Table
Effect of exogenous RF (200 ug/ml) on the growth, chromium and flavin content
in P. guilliermondii cells of the strains UKD-66 and 1453 during incubation with
chromate (0.6 mM)

Biomass, Flavins in the cells, Chromium content in the cells,
Strains mg/ml umol/g d.w. mg/g d.w.
-RF +RF -RF +RF -RF +RF
UKD-66 2.16 3.91 43.5 168.3 1.8 1.3
UKD-1453 1.03 3.12 44 .2 212.1 1.24 0.8

Identification of the extracellular chromate-reducing compounds and elucidation
of their role in detoxification of chromate will promote the application of yeast for
chromate bioremediation and its transformation to Cr(IIl) bio-complexes with potential
pharmaceutical and nutritional importance.

This work was supported by the Polish Research Committee grant for the project
N N304 326136.
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Pedepar

OcHoBHbIM nyTeM neTokcukalwu Cr(VI) y MUKpOOPraHU3MOB SIBJISIETCS €70 BOCCTa-
HoBJserne K Cr(IIl). IlpuBenens! nannele 0 penyKUuu xpoMarta (BblIeJeHHE, OUUCTKA H
xapaktepuctuka Cr(IIl)-6roxesaTupyOINX KOMIIEKCOB U3 KYJIbTYPATbHON XKUIKOCTH),
a TakxXe ONHUCAHBl He(pepMEHTATHBHBIE TPOLIECCHI, 0OeceyrnBaroLre 3PPEeKTUBHYIO 1e-
TOKCHKaluIo xpomarta. [lpox:ku Saccharomyces cerevisiae criocoGHBI K BHEKJIETOYHOMY
BOCCTAHOBJIEHHIO XpOoMaTa ¢ oOpa3zoBaHueM, 110 KpakliHel Mepe, NBYX THIIOB CTaOUIbHbIX
Cr(IIl)-6uoxenatupyroumx Kommniaekcos. MccienoBana crocoOHOCTb K BOCCTAHOBJIEHHUIO
Cr(VI) ceneHUTpe3UCTEHTHBIX MyTaHTOB Apox:keil Phaffia rhodozyma. [lokasaHo, uTo
KJIETKU CeJIeHUTPE3UCTEeHTHOTO MyTaHTa sifll, obsanamoliye MOBLILIEHHON YYBCTBUTE-
apHOCThIO K Cr(VI), mpu uHKy6auuu ¢ xpomMatoM 00pasyioT CTaOWJbHBIE MyJ OYeHb
tTokcuyHoro paaukana Cr(V). MccienoBana posib HEKOTOPBIX BHEKJIETOUYHBIX areHTOB,
B YacTHOCTH cysbdaTta u pudodnaBuna, B metokcukauuu Cr(VI) y npoxekeid Pichia
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guilliermondii, cToCOOHBIX K CBepXCHHTe3y pubodaBuHa. [IpuBeneHHbIE NaHHBIE O
BJIMSIHMK pUOO(IaBHHA Ha H3MeHEeHHe TOKCHUYHOCTH XpoMaTa CBUAETENbCTBYIOT 00 yya-
cTum pubodaaBruHa (UM ero MPOU3BOAHBIX) B IeTOKCHKALIMK Xpomata. Mnentudukauus
BHEKJIETOUHBIX XPOMATPEAYLUPYIOIINX BEIIECTB U BBIICHEHHE UX POJIH B L€ TOKCHKALIUH
XpOMaTa CBUIETENbCTBYIOT O BO3MOXKHOCTH HCIIOJb30BAHUS OPOXKIKEBUX KIETOK IJIs1
6uopeMenualMK Xpomara, a Takxke npespatenun ero B Cr(1ll)-6uokommiekcsl, uMeroliye
(bapmalleBTHUYECKOE U KOPMOBOE 3HaUeHHe.

KnwueBb e cJaoB a xpoMar, 1poxxu, nerokcukauusi, Cr(II)-6noxomn-
JIeKCbl, puOo(IaBUH.
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Pedepar

OcHoBuuM wtsixoMm aetoxcukauii Cr(VI) y mikpoopranismiB € foro BinHOBJ/IEHHS
no Cr(Ill). IlpencraBieno naHi 3 pemnykiii xpomaty (BHIiJEHHs, OUYMIIEHHS i Xapak-
tepuctuka Cr(IIl)-6ioxenaTyrounx KOMIJIEKCIB 3 KyJbTypasJbHOI PiIHHM) Ta OMHCAHO
He(epMeHTAaTUBHI MpollecH, 1o 3a0e3neyyloTb ePeKTUBHY HETOKCHKALi XpoMmary.
Hpixmxki Saccharomyces cerevisiae 3naTHi 10 MO3aKJiTHHHOTO BiIHOBJIEHHS XpOMaTy
3 YTBOpPEHHSIM II0OHalMeHIle ABOX THMIB cTadinbHux Cr(lll)-6ioxenaTyounx KOMIIEKCIB.
BuBueHO 31aTHICTD CeJIEHIT-PE3UCTEHTHUX MyTaHTIB npixKmxkiB Phaffia rhodozyma no
BinHoBseHHs1 Cr(VI). [TokasaHo, 1110 KJiTHHY CeJIeHiTPE3UCTEHTHOrO MyTaHTa sitll, ki
BOJIONITOTH MigBuilleHO0 uyTauBicTio no Cr(VI), mpu inkybauii 3 XpoMaToM yTBOPIOIOTH
ctabinbHUE My nyxke TokcuuHoro pamukany Cr(V). HociinkeHo poJib NesTKUX TTO3aKJIi-
THHHHX areHTiB, 30Kpema cy/abdaty i pubodaasiny, y netokcuxauii Cr(VI) y npixkmxis
Pichia guilliermondii, 3naThux 10 HancuHTe3y pubodaasiny. HaBeneni nani npo BM/uB
pubodaaBiHy Ha 3MiHY TOKCHYHOCTi XpoMaTy CBiguaThb Mpo ydyacTb pubodaasiny (ado
HOro MOXifAHUX) Y DeTOKCHUKAlii XxpoMaty. [neHTudikauis no3akIiTHHHAX XPOMATBiIHOB-
JIIOBAJBHUX CIIONYK Ta 3’SCYBaHHS iX poJi B METOKCHKALU{ XpoMaTy CBiIUaTh PO MOXK-
JIUBICTb BUKOPUCTAHHS KJITHH APKIXKIB A/15 OiopeMenialii XxpomaTy Ta IepeTBOPeHHI
tioro B Cr(IIl)-6iokoMmIekcH, 110 MalOTh (hapMalleBTHUHE Ta KOPMOBE 3HAUEHHS.

KnwuoBi cuaoB a:xpomar, npixkmxi, nerokcukauis, Cr(Ill)-6iokommniekcny,
pudod.iaBiH.
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